One of the most popular options for promoting public transport use is the provision of an integrated and high quality public transport system. This was the strategy adopted by the regional government in Madrid in 1986 and since then public transport patronage has increased by more than 50%. This paper has two objectives. The first is to identify the factors underlying the significant increase in the demand for public transport in Madrid. To do this we estimate an aggregate demand function for bus and underground trips, which allows us to obtain the demand elasticities with respect to the main attributes of public transport services and also to calculate the long-term impact of changes in those explanatory variables on patronage. The second objective is to evaluate the impact on revenue derived from the introduction of the travel card scheme, and to discuss the consequences on revenue of changes in the relative fare levels of different types of ticket without substantially affecting patronage. This latter issue is addressed by estimating a matrix of own and cross-price elasticities for different ticket types.
Introduction
In most urban areas, it is increasingly difficult for public transport to compete with the private car. An increase in real income has resulted in a higher level of car ownership and use, and the ongoing process of residential suburbanisation and employment decentralisation experienced in the largest cities has generated a pattern of travel that is more suited to the private car than to public transport. The changes observed in urban travel can be summarised by a growing number of motorised trips as well as an increase in the use of the private car.
In order to reverse this trend, local authorities have implemented several strategies to promote public transport use. The supply of an integrated and high-quality public transport system has been one of the most favoured options. Clear examples of such a policy are the integrated regional public transport systems in Germany, Austria and Switzerland documented in Pucher and Kurth (1996) . Integration is a broad concept that includes several issues, such as the co-ordination of service levels, routes and timetables, and a common fare system. This is the strategy adopted by the regional government of Madrid with the main aim of promoting public transport use and shifting demand away from the private car. Since 1986, passenger transport infrastructure and services have been planned as a complete system. The most significant change was the creation in 1987 of an integrated fare system for the whole public transport network based on a travel card. At the same time, the quality of public transport has been improved, mainly through the extension of bus, underground and suburban rail networks. The number of passengers using public transport services has grown from 951 million in 1986 to 1549 million in 2001. This paper has two objectives. The first is to identify the underlying factors behind the significant increase in public transport demand in Madrid. To do this, we estimate an aggregate demand function, which allows us to obtain the demand elasticities with respect to the main attributes of public transport services and additionally to calculate the long-term impact on patronage of changes in the explanatory variables. The second objective is to evaluate the impact on revenue derived from the introduction of the travel card scheme and to discuss the role of possible changes in relative fare levels for different ticket types in order to increase revenue without essentially affecting patronage. In fact, one of the most important concerns with the travel card is its negative impact on revenue. Theoretical and empirical work on this topic (for instance , White 1981 , Doxsey 1984 , Carbajo 1988 shows that the final impact will depend on the combination of fare levels for different ticket types, and on user distribution according to rates of use. On this matter, Carbajo (1988) concludes that the potential gains of nonuniform pricing will only be attained if operators depart from arbitrary pricing rules when setting fares for the different ticket types. In order to provide useful information about potential changes in fare structure which reduce the negative impact on revenue, we have estimated a matrix of own and cross-price elasticities for different ticket types. This paper is structured as follows: section 2 provides an overview of supply and demand in the region of Madrid, section 3 explains the methodology and the data set while section 4 presents the estimation results of the aggregate demand model and the long-term effects of the explanatory variables. Section 5 is devoted, firstly, to the evaluation of the impact of the travel card on revenues and secondly to the estimation of demand elasticities with respect to ticket type. Finally, section 6 summarises the main conclusions.
Supply and demand of public transport in Madrid: an overview
The region of Madrid has more than five million inhabitants and is made up of 179 municipalities. About 56% of the people live in the city of Madrid and 44% in the rest of the region. In recent decades, there has been a clear process of suburbanisation; since 1975 the population of the city of Madrid has decreased, while that of the rest of the region has increased. The employment structure is dominated by the service sector, which accounts for 75% of total jobs (of which 35% are in the public sector). This dominance of services implies that so far jobs have remained heavily centralised in the city of Madrid. According to different estimations, around 70% of the jobs are located in the city and most of them in the city centre. The distribution of residential areas and employment centres gives rise to an urban structure that predominantly follows a monocentric model with radial trips from satellite settlements to the city centre. This structure makes Madrid well suited to public transport use. 4 The public transport supply in the Madrid region is summarised in table 1. Since 1986 the Consorcio de Transportes de Madrid (CTM), a regional public authority, has coordinated the services, networks and fares of the different modes of transport operating in the area. The underground company and the urban bus company (EMT) mainly operate within the boundaries of the Madrid municipality. The suburban railway and 357 lines of suburban buses serve the metropolitan area. Since its creation, CTM has been engaged in an active policy of improving the quality of public transport. The most relevant measures include the enlargement of the metro network to the outskirts as well as the improvement of its structure and connections, extension of the urban bus service network, together with better vehicles, significant improvements in the quality of the suburban railway, with more frequent and better trains, and finally an improvement in metropolitan buses and underground connections. The annual number of trips is split among the different modes of transport as follows:
underground 35%, urban bus 35%, rail 11% and suburban buses 19%. Unfortunately, it is not possible to obtain a homogenous time series for the suburban railways and buses.
That is why the demand analysis will be based hereafter on data from the two main transport companies, underground and urban buses, which account for 70% of the market.
The trend in urban public transport patronage is shown in figure 1. The economic effects of travel passes have received substantial attention in the transport literature. With respect to the effects on passengers, (our main variable of interest), most studies agree that the introduction of a differentiated price scheme provides benefits to users 3 such as fare discounts (the average cost per trip is lower), reduction of interchange penalties and reduction in boarding and queuing time. Also, once the pass is purchased, it permits travel at a zero marginal cost. Therefore, the most likely impacts 1 A more detailed explanation of this system is found in appendix 1. 2 In appendix 2, the fare structure for bus and underground services is explained in more detail. 3 White (1981) presents a detailed enumeration of the benefits of travel passes to operators, passengers, local authorities and employers. of the travel card will be an increase in the number of trips made by previous travellers and a high probability of attracting new users. On the other hand, substitution of other ticket types may also be observed. Frequent users will change from single tickets to travel cards as soon as they find them worthwhile.
A preliminary analysis of data in Madrid shows that patronage has increased at an annual rate of 2.2% whereas significant changes in the share of each ticket type have occurred (table 2) . The use of single tickets has fallen to just over 4% for both modes of transport. It can also be observed that, the market share of multi-ride tickets among bus users dropped from 57% to 24% whereas in the case of the underground it has remained almost constant. This difference can mainly be explained by the fact that bus transfers are penalised in monetary terms whereas underground transfers are free; this implies that the break-even ratio between multi-ride ticket and travel card is lower for bus users. The market share for travel cards in 2001 exceeded 60%, which was the target figure when the integrated fare system was introduced. It is also interesting to note that there is a higher proportion of concessionary trips among bus users than among underground users. Such an extensive use of the travel card is not surprising. Following White's (1981) arguments, in those areas where flat fares are applied, as soon as a travel pass is attractive to the regular passenger a large proportion of users will also find purchasing it worthwhile. The market share of travel cards in Madrid is comparable with that of other cities in which there is a long tradition of travel passes. In Stockholm, travel passes represent on average 82% of all trips (Tegner et al. 1998) , while there are figures of 92% in Vienna, 78% in Hamburg, 78% in Rhein-Ruhr, 54% in Zurich and 50% in Munich (Pucher and Kurt 1996) .
In 2001, more than 13 million monthly travel passes were sold, of which 63% corresponded to ordinary holders, 16% to young holders and 21% to senior citizens 4 .
Use of travel cards valid for two or more zones has increased at a higher rate than for those valid only for the central zone. Figure 2 shows that from 1987 to 1990 both series behave similarly, but after this date, the use of travel cards for zones B and C increased more sharply. This increase is explained by several factors, three of which are; firstly, the process of residential suburbanisation in the Madrid region; secondly, the improvement in the quality of the suburban rail and suburban bus services; and thirdly, the economical incentive that the travel card entails for long distance travellers. Travel cards valid for zones B and C are mainly used for radial trips, Madrid being the major attraction centre 5 . Ideally, in order to properly account for relationships of complementarity and substitutability, a complete system of demand equations should be estimated.
Unfortunately, the lack of data on car usage makes such an analysis impossible.
This study relies on time series data. Therefore, the estimated equations should be interpreted as aggregate demand functions. It is well known that the aggregate demand function is based on certain restrictive assumptions about consumer behaviour.
Nevertheless, it allows for an approximation of the behaviour of an aggregate group of individuals and is useful for given purposes. In our case, the estimation of an aggregate demand equation allows us to offer an approximation of the underlying factors behind changes in transport demand and to the corresponding demand elasticities.
The demand for transport services can be assumed to depend on the attributes of each mode, the competing modes of transport and on the socio-economic characteristics of the population. The competing modes considered as feasible transport alternatives in the city of Madrid are bus, underground and car 6 . The relevant characteristics that define the modes of transport are basically monetary costs and quality of service variables.
Monetary cost for public transport modes has been approximated by a fare index explained below in section 3.2. In order to estimate cross-price elasticities between transport modes, both bus and underground fares should be included as explanatory variables in each demand equation. However, the evolution of the changes in bus and underground fares was increasingly similar over the period [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] Service quality variables are limited by the aggregate nature of the data and by the time period considered. In this study, service quality is captured by route length for both the bus and the underground. Alternatively, the commonly used measure of vehiclekilometres was tested. However, it was discarded because from 1982 until 1989 the bus company undertook a process of route rationalisation with the aim of reducing spare bus kilometres without essentially affecting the quality of the service. Additionally, other variables such as the average speed of buses and average frequency were tested but none of them showed to be significant and were therefore omitted.
A dummy variable was included to take into account the full development of the integrated fare scheme. As explained in appendix 1, the travel card was first introduced in 1987 and subsequently expanded. In 1988 concessionary passes and annual travel passes were created and in 1989 the system was extended to its present limits.
Accordingly, a step dummy variable was introduced that takes value 0 before 1987, 0.33 in 1987, 0.66 in 1988 and 1 thereafter.
Transport demand depends on the socio-economic and demographic characteristics of the area. The variables considered are: population, suburbanisation index, employment level, income and car ownership. Due to the lack of data on regional household disposable income before 1986, this variable has been approximated by real GDP (Gross Domestic Product) in the Madrid region. Although underground and urban bus services operate mainly in the city of Madrid, the catchment area is the Madrid region.
For this reason, all variables refer to a regional level. As expected, there is a high correlation between GDP and car ownership (0.99). In fact, car ownership positively depends on income per capita. Our decision was to include only GDP as an explanatory variable, bearing in mind that it expresses the effects of both variables; a positive effect which reflects the increase in activities and therefore mobility, and a negative effect of an increase in car ownership.
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The demand equations can be expressed as follows:
where, i= bus, underground Y it =passenger trips in mode i and period t f it =fare index in mode i and in period t c t = private car fuel costs in period t r it =route length in mode i and period t d t =dummy variable that reflects the change in fare structure p t =population in period t s t =suburbanisation index in period t e t =employment level in period t g t =real GDP in period t
The demand equations are estimated using a double log specification. As is well known, this functional form is often criticised for the constant elasticity assumption 7 . However, the double log form has the advantage of permitting a clear interpretation of the corresponding coefficients in terms of elasticities. The assumption of the constant elasticity model was tested by the estimation of both a linear specification and a semilog specification. The selection among these alternative functional forms was based on their goodness of fit. The results showed that the double-log was statistically the best option 8 . Additionally, the reliability of the selected model was evaluated according to the usual econometric practice, testing the lack of disturbance autocorrelation (if the functional form were mis-specified this would be manifested in autocorrelation of the disturbances) and the structural constancy of coefficients, using recursive estimation techniques. On this basis, the model is not rejected by the data. Therefore, we consider that the double logarithmic specification offers an adequate approximation, at least in the neighbourhood of actual data.
The demand equation is estimated in levels 9 . To allow for dynamic effects, the starting specification includes lags of the dependent and the explanatory variables. The search for the final specification followed a general to specific process. After simplifying the model with restrictions that were not rejected by the data, a partial adjustment equation was selected. Lagged explanatory variables were not significant and do not appear in the final model. The equations to be estimated can therefore be expressed as follows: Although passenger data has been compiled since 1970, the breaks in the series in the years leading up to 1979 preclude the possibility of extending the analysis 10 . Demand has been measured as the number of registered trips. A trip is registered every time a mode of transport is boarded and so two links of the same journey are counted as two different trips. This is so except for transfers between underground lines. Data on alternative and more consistent measures of demand is not available 11 . Table 3 shows the percentage variation in bus and underground passenger trips that has already been commented in section 2.
9 In order to select between estimating in levels or in differences, we estimate the static equation in levels and given that the D.W. statistic showes no autocorrelation among the error terms we proceed with the demand model specified in levels. Given the low number of available observations the application of formal unit roots and cointegration test is not advisable. 10 Different corrections need to be made to the passenger data in order to construct a homogenous time series. The most important one is the correction of the effect of strikes in 1990, 1991 and 1992 according to the companies' own estimations. 11 The way trips are registered inflates the number of passengers using buses with respect to those using the underground. The use of the total number of trips as the measure of demand can introduce distortions in the historical time series if the total number of transfers per trip has changed over time. This might well be the case when demand shifts from single tickets to travel cards. An aggregate price index has been constructed trying to properly reflect both changes in fare levels and structure. This is not a straightforward task when several ticket types are in use. The alternative chosen here is similar to that used by London Transport (1993).
The fare index is a weighted average of the changes in individual ticket prices, where the weights used are the number of trips made using each ticket in the base period. This index measures the changes in fares that would result if people's ticket buying behaviour were unchanged after the revision. A problem arises when a new ticket type is introduced, as was the case in 1987 with the introduction of the travel card scheme.
The solution adopted was to use the change in average revenue as an approximate measure of the fare change in that particular year 12 . According to this index, real fares increased markedly over the whole period and particularly for the underground between 1979 and 1986. It has to be mentioned that the fare's level in the starting year was very low. Moreover, since 1987, frequent users could switch to the travel card, which permitted travel at a lower price per trip. The noticeable increase in bus and mainly underground route length shows the active policy followed to promote public transport.
12 Different alternative solutions were tried with no significant effect on the estimated coefficients of the demand equation.
The population in the Madrid region has risen at an annual rate of 0.7%, although its growth rate is higher after 1986. This growth is the result of a steady decrease in the population of the city of Madrid, which is compensated by a larger increase in the rest of the region. This change in residential population is reflected by the continuous increase of the suburbanisation index, which is the ratio of population in the rest of the region to the total population. Annual increase in GDP was lower in the first period, although economic recovery started in 1985. Finally, with respect to the employment level it has to be noted that there has been a significant increase since 1986, after 11 years of severe economic crisis. Figure 3 shows the clear synchronisation between employment and the demand for the underground with a correlation coefficient equal to 0.96.
Estimation and results

Demand equations and elasticities
The equation system has been estimated by applying the seemingly unrelated regression (SUR) method, instead of ordinary least squares (OLS), in order to take into account contemporaneous correlation in the errors across equations and therefore to increase efficiency. It is very likely that some factors not included in the equation may affect The estimated coefficients are highly significant, the level of fit is high and no correlation is detected in the disturbances according to Durbin's h statistic. Given the double-log specification, the estimated coefficients can be interpreted as short run elasticities and, as can be observed, they are in line with the standard literature 15 . In our study, short run is defined as the effect on demand occurring within one year of a change in the relevant variable. Bus fare elasticity is equal to -0.21. This value is similar to that estimated by Dargay and Hanly (2002) for English Metropolitan areas (excluding London). The underground's fare elasticity equals to -0.37; the evidence in this case is sparser but reviewed papers show a range of -0.2 to -0.4 16 . On average, underground users appear to be more price-sensitive than bus users. The explanation for this result might be the higher market share of travel cards in the bus market, which, as is argued in section 5.2, appear to be the least sensitive to price. The elasticity of bus demand with respect to the price of petrol is equal to 0.16 and is clearly significant.
However, the price of petrol has no significant effect on underground patronage.
15 See Oum et al. 1992 , Goodwin, 1992 , Nijkamp and Pepping 1998 and Dargay and Hanly 1999 Gilbert and Jalilian 1991 , Oum et al. 1992 , London Transport 1993 Service quality measured in terms of route length is found to have a positive impact on public transport patronage, although the effect on the bus market doubles that of the underground 17 . Given that in aggregate studies a very crude proxy for the quality of service is used, it is difficult to give an adequate interpretation of the estimated elasticities and, therefore, evidence of service elasticity is less conclusive. It is interesting to note that bus users are sensitive to the quality of the underground service, while there is no evidence of the reverse effect. This result suggests that the underground is a relevant option for bus users but not vice versa. This might well be the case for commuters who place a higher value on time costs and reliability, in which case the underground is a better option.
The coefficient estimated for the dummy variables that capture the non-pecuniary effects of the travel card indicates a growth in bus and underground patronage of 3.4%
and 5.3% respectively. These figures proved highly robust under different specifications of the dummy variables. The higher percentage for the underground can partially be explained by the introduction in 1987 of a multi-ride ticket at an advantageous price, while this ticket has only been a feasible option for the bus since 1979.
According to the dynamic structure of demand, the long-term effects are around 1.4
times those of the short-term for the bus and 1.7 times for the underground. Again the values found agree with other empirical evidence. The period of adjustment is relatively short, with about 60% of the effects experienced within the first year and 95% completed within three years.
Income elasticity is positive and equal to 0.15. This value agrees with the values found by Asensio et al (2003) for a range of Spanish cities. These authors show that in small cities, where the relative quality of public transport tends to be worse, car ownership levels are more income elastic, and public transport services have characteristics of inferior good. On the contrary, in larger cities, where the relative quality of public transport is usually better, public transport is regarded as a substitute for private transport by a larger share of population and its use is less sensitive to changes in income. Nonetheless, our finding differs from the negative income elasticity found in 17 It has to be noted that when in the underground equation the quality of service was measured in terms of vehicles-kilometre, the estimated elasticity was nearly identical.
other studies, for example, in the UK 18 . One possible explanation for this difference is the higher population density of Spanish cities, which makes them better suited to public transport use than to car use. This argument is suggested in Webster et al (1986) , who verify that "in Spanish towns public transport is used on average a little more than in British towns, but in car-owning households the rate of public transport use is nearly half as much again as in Britain ".
The level of employment appears to be a significant variable to explain underground 
Long-term impact on patronage of changes in explanatory variables
As stated earlier, one of the objectives of this study was to quantify the causes of the significant increase in public transport use in the region of Madrid since 1986. The estimated equations allow us to disentangle the effect on patronage as a result of the applied transport policy (fares and service quality) from the effect of other exogenous variables. Taking into account the dynamic effects, we have evaluated the change in patronage from 1986 to 2001 that can be attributed to the change in each explanatory variable 19 . Table 5 shows the change in the explanatory variables and the corresponding impact on patronage.
18 See, for instance, Dargay and Hanly (1999) . 19 In order to calculate the impact on demand that can be attributed to variable X we used the following procedure. First, from the demand equation, the total number of trips in 2001 has been forecast under the assumption that variable X has remained constant all over the period and equal to its value in 1986. Second, the contribution of variable X to the change in the number of trips has been calculated as the difference between the observed number of trips in 2001 and the predicted number of trips assuming variable X has remained constant. This procedure has been repeated for each variable in the model. As far as the bus market is concerned, our research shows that the growth in real fares has reduced demand by more than 5%. Secondly, it can be observed that the extension of the bus network has had a significant impact on demand, which has, however, been practically offset by the enlargement of the underground network. The final effect of the introduction of the travel card is slightly higher than 7%. The impact on patronage of the two exogenous variables included in the equation has proved to be positive. Real GDP growth leads to an increase of nearly 13% of total trips while suburbanisation has expanded demand by an additional 15%. The impact of the last variable has to be interpreted with caution. As was explained in section 2, the largest increase in travel coupons corresponds to those valid for two or more zones; that is, in users travelling from the rest of the region to the city of Madrid (or vice versa). However, this growth has not occurred without the influence of an integrated fare system. Hence, it is possible that the impact of suburbanisation reflects part of what is really due to the impact of the travel card. It was not possible to further disentangle the effects of these two variables.
In relation to the underground, the long-term effect of underground extensions and the travel card are 27% and 15% respectively, which have been partially offset by the increase in real fares. Employment and GDP growth have contributed by 29% and 19%, respectively, to the increase in patronage. 
Impact on revenue and price elasticity with respect to different ticket types
Impact on revenue
In this section, we want to evaluate the consequences for revenue derived from the changes in the level and structure of the fare system. An analysis of the related literature leads to the conclusion that the implementation of a non-uniform price scheme does not necessarily imply an increase in financial support. From his theoretical analysis, Carbajo (1988) concludes that the effect of different combinations of fares on revenue will depend on how users are distributed according to their intensity of use. Doxey (1984) , working under the assumptions of price-inelastic demand and wide dispersion of individual demand at any fare level, concludes that travel pass sales will have a negative impact on revenue. However, as FitzRoy and Smith (1998) state, Doxey's argument ignores the potential generation effect of travel cards. On the other hand, White (1981) argues that although a travel card pricing policy does not necessarily imply an increase in deficit in the long run, the common policy followed in the short-term of setting a low price for travel cards in order to achieve high market penetration involves an increase in financial support. This result seems to be confirmed by empirical evidence. Pucher and Kurth (1996) terms. For the bus company, revenue has increased at a rate lower than the inflation rate, patronage and the real fare index have had a positive effect, while the increase in the market share of ticket pass holders has clearly reduced revenue. According to the results presented in table 5, this reduction has been weakly offset by the generation effect due to cheap travel passes. The corresponding figures for the underground company show a significant increase in total revenue in real terms, which is mainly explained by the increase in the total number of passengers. Again, the travel pass has had a negative impact on revenue only partially offset by the attraction of new users by the travel cards.
It should be remembered that the extension of the underground network explains a significant increase in demand with the corresponding effect on total costs. In order to find the net financial effect of the transport policy applied since 1986 it would be necessary to calculate the impact on total costs and, therefore, on operating deficit.
However, this task goes beyond the scope of this study. 
Price elasticity with respect to ticket type
The change in fare structure has resulted in a negative impact on revenue, which might not be sustainable in the long run. According to the aforementioned authors, it is possible to find a combination of fare levels for different ticket types that reduces this negative effect. In order to find the appropriate direction for this change, we have estimated the own and cross-price elasticities of demand for the three main ticket types.
The number of available observations forces us to rely on some simplifying assumptions and to estimate a simple model structure. Although this is probably not the best option, it provides useful insights into demand behaviour. The model has been estimated only for underground data in order to avoid counting bus transfers twice. Pensioner concession trips have been excluded due to their different sensitivity to factors influencing demand.
The model has been specified as in the aggregate equation, i.e. the demand equations have been estimated in levels, using a double-log form and according to a partial adjustment model. The model consists of three equations, one for each ticket type (single, multi-ride and travel card) and it can be expressed as follows:
Where: i = single fare, multi-ride fare or travel card y it = passenger trips with fare type i in period t f it = real price of fare type i in period t r t =route length in period t e t =employment level in period t d t =dummy variable that reflects the change of fare structure in 1998
The explanatory variables included in the equation are those that proved significant in the aggregate model. A dummy variable has been added to take into account the unification of the multi-ride ticket for bus and underground in 1998, which implied a substitution of single ordinary tickets with multi-ride tickets. The sample period is from 1990 to 2001, the starting year being that in which the travel card scheme could be considered complete. from the general to the restricted model by omitting those variables that were found to be non-significant 20 . The final equation (table 7) shows a good overall level of fit and all coefficients take the expected sign and are highly significant. In order to increase the degrees of freedom it was assumed that the coefficient of the lagged dependent variable takes the same value in the three equations. This constraint was not rejected by the data. The results related to price elasticities with respect to different ticket types show that, firstly, price sensitivity decreases as we move from single tickets to the travel pass. This is a common result in the literature on that subject (de Rus 1990 , Hensher 1998 , Tegner et al. 1998 . Secondly, users are highly sensitive with respect to single and multi-ride fares with elasticity values equal to -1.5 and -1.1, respectively. These values have been estimated with a high degree of confidence and prove highly robust in the model specification. It is difficult to compare these results with other empirical evidence given the wide range of observed variation. Our results are in line with those obtained by Tegner et al. (1998 ), de Rus (1990 and García-Ferrer et al. (2002) who also used time series data. Tegner et al. (1998) estimated a price elasticity equal to -1.8 for single ticket and -0.8 for pre-paid coupons. For a sample of Spanish cities, de Rus (1990) obtained a price elasticity for single fares of between -0.73 and -1.16, and for multiride tickets between -0.27 and -2.25. García-Ferrer at al (2002) have estimated demand elasticity with respect to ticket type for the same area and period as ours. They present a price elasticity for single fares that is similar for buses and the underground at around -1.1, while for multi-ride tickets the elasticity is equal to -2.4 for the underground and -0.5 for buses. However, Hensher (1998) reported much lower values for choice elasticities using micro data.
Thirdly, no elasticity statistically different from zero could be identified for the use of the travel pass with respect to its own price. This result is also found by García-Ferrer et al. (2002) and can be explained by the fact that relatively low changes in the breakeven ratio between the travel card and multi-ride tickets have little effect on travel card sales.
Regarding this, White (1981) provides some arguments for elasticity being lower than single ticket elasticity. The main reason is that when the price of a travel card is raised, travel card holders do not reduce their trip frequency unless the price rises above a critical threshold at which the user switches to single tickets at a much lower trip rate.
Additionally, given that an increase in card price encourages less frequent users to abandon purchasing cards, it can be expected that total trips made by travel cards are less price sensitive than the number of card holders 21 . The empirical evidence available for travel card price elasticity tends to support low values. White (1981) suggests negligible or very low price elasticity for moderate increases in the price of travel cards.
Hensher (1998) estimates a value of -0.1 and Tegner et al. (1998) an elasticity of -0.2 for a monthly pass. However, there is also evidence of higher elasticities for travel passes. Dargay and Pekkarinen (1997) obtained an elasticity equal to -0.5 in the short run for bus trips in two regional areas of Finland. However, in this case, the authors suggest that a possible explanation for the large elasticity found could be the small market share of travel cards with respect to total bus trips. Preston (1997) in a literature review reports a wide range of variation, from very inelastic demand (-0.10) to very elastic demand (-2.40 ). The differences can be explained by the nature of the data, the specification of the demand model, the characteristics of travel passes and the definition of the dependent variable.
With respect to cross-elasticities, it can be observed that once the effects of the new travel card scheme have been established, single ticket users are sensitive only to their own price, whereas positive and significant cross-price effects appear between multiride and travel card users.
The estimated own and cross-price elasticities suggest that there is scope for change in relative fare prices if revenue needs to be increased. The negligible sensitivity with respect to travel card prices supports moderate increases in their prices without a significant effect on patronage. However, further increases in the price of single and multi-ride tickets will probably affect demand negatively given the high estimated elasticity values.
Finally, in order to check the robustness of the elasticities reported in table 7, it is interesting to see that when multiplied by the share of each ticket type, they result in values very similar to the aggregate underground elasticities obtained previously (table   5 ). The market shares are set to be equal to the average value in the sample (single ticket 9%, multi-ride ticket 31% and travel passes 50%). The overall price elasticity assuming an equiproportional price variation is equal to -0.33 whereas the overall service elasticity is equal to 0.24. The results of the estimated demand equations prove that the introduction of an integrated fare system for the whole region and the improvement in bus and underground networks have succeeded in reversing the declining patronage trend of public transport in Madrid. However, we should take into account the fact that the economic recovery which started in 1985 also played a significant role in increasing public transport use. This happens to be the case mainly for the underground with a higher proportion of commuters among its users. In the long run, the introduction of a travel card system has increased underground trips by nearly 15% and bus trips by more than 7%. The positive impact of travel cards in Madrid is in line with that found in German and Swiss cities although below that estimated for London. The results confirm the essential role of an integrated fare scheme for those cities that seek to increase public transport use.
According to the results, bus users are sensitive to price and quality variables but also to the underground network, implying a substitution effect between these modes of transport. This substitution relationship allows for a rationalisation of the bus network without a negative impact on total patronage. On the other hand, underground users are only sensitive to underground characteristics. This can be partially explained by the predominance of commuter trips that place a high value on variables such as time and reliability that cannot be matched by bus supply. It can also be concluded that the price of petrol should not be ignored as an element of the pricing policy given the statistically significant, although small, impact on bus demand.
However, the adoption of these transport policies tends to require an increase in financial support that is not always available. In the case of Madrid, the high market penetration of the low cost travel card has had a negative effect on company revenues, as occurred in the five case studies (Hamburg, Munich, Rhein-Ruhr region, Vienna and Zurich) analysed by Pucher and Kurth (1996) . The estimation of separate equations for different ticket types provides interesting implications for fare policy. Firstly, the results confirm White's suggestion that card holders do not seem to be very sensitive to moderate increases in price. Secondly, given the high value of price elasticities with respect to single and multi-ride fares and the low value for cross-elasticities, further increases in the price of these tickets would generate a loss of patronage. Therefore, the results support the argument that there is scope for a more efficient non-uniform pricing policy with positive effects on demand while minimising the negative effects on revenue.
The experience of Madrid shows that a declining trend in public transport ridership can be reversed through an active public transport policy based on low cost travel passes and improvements in the quality of services. The same result has been observed in other cities reported by Pucher and Kurth (1996) . Therefore, an integrated public transport system seems to be an advisable policy. However, several drawbacks need consideration. First, although it has been proved that the public transport policy observed by CTM has achieved a significant increase in patronage, there is not enough information to understand the impact on modal shifts from car to public transport, which is, in fact, the main goal of the urban transport policy. Therefore, more information would need to be available in order to evaluate the success of the policy implemented.
Second, those policies addressed to improve public transport service usually have a significant impact on costs. Therefore, a careful evaluation of benefits and costs of such policies is needed.
region is divided into five zones (B1,B2,C1,C2,C3) that are served by private bus companies and suburban railways. The system was systematically extended to all the municipalities in the Madrid region. In 1990, the fare scheme was available for more than 95% of the inhabitants of the region and is presently being extended outside the Madrid region.
Prices are set according to the number of zones travelled through. In 1987 the monthly card for zone A was priced at an equivalent of 97 single trips using the next cheapest fare for busses and 73 trips for the underground. This ratio was progressively reduced to 65 in 2001 for both modes of transport. This may appear to be a high price for the travel card, but there are two factors to be considered; first, the cheapest fare is a single-mode fare, so for those journeys that imply a transfer (even between two different buses belonging to the same company) the break-even ratio is much lower, and second, the price ratio is much more attractive for those travelling across more than one zone.
Moreover, this figure is similar to that observed in other cities. For instance, White 2. Fare structure on bus and underground services Until 1986, underground and bus operators had a different fare structure and level. For the bus operator there were four different types of fare: ordinary single ticket, multi-ride ticket, annual and quarterly passes and a concessionary ticket. The multi-ride ticket is a ten-trip ticket offering a discount of nearly 40% with respect to the ordinary single ticket. The concessionary ticket is also a ten-trip ticket offering a discount of 90% with respect to the single ticket. People eligible for the concessionary fare are those older than 65 or those below that age who are disabled with a monthly income below €425 (2000) . Tickets issued by the bus operator are valid for only one bus trip and do not cover transfers between buses. For the underground, four ticket types were also in use:
single tickets, day return tickets, multi-ride tickets and monthly and annual passes. The day return ticket was only in use until the end of 1987 and offered a 30% discount with respect to the single ticket. The multi-ride ticket was introduced in 1985 as a ten-trip 22 For an explanation of concessionary fare policy and its design see Cos Blanco and Zaragoza 1990. ticket but without any discount. It was not until August 1987 that a discount of 18% was offered. From that date and until 1990, the price of the single ticket was increased while the price of the ten-trip ticket was held constant in monetary terms; in 1990 the discount reached 46%. Transfers in the underground network are not penalised.
In 1987, the integrated zonal fare system was introduced while the previous fare structure for each mode of transport practically remained unchanged. In 1998, multiride tickets for busses and the underground were unified and the same strip could be used in either transport mode. However, transfers are still penalised when single and multi-ride tickets are used. Finally, since 1990 all fares for both modes of transport have been set at the same level. 
Estimation results of the general model
